INTRODUCTION
Precocious germination of cereal grain is a serious problem in crop production. Pre-harvest sprouting (PHS) is closely associated with agronomic difficulties and loss in functional quality, which amount to economic losses for producers, distributors, retailers and end consumers. Sprouted grain can be difficult to thresh, resulting in harvest losses, and it is a downgrading factor that reduces economic returns for producers (Derera, 1989) . The falling number and amylograph methods are applied to estimate PHS damage in wheat and rice (Imabayashi and Ogata, 1998) .
However, these methods require procedures for drying and grinding seeds as a pretreatment.
Nuclear magnetic resonance (NMR) spectroscopy is a successful, nondestructive method of studying the state of water in many biological systems (Iwaya-Inoue et al., 2004; Miedziejko et al., 1997; Lenk et al., 1991) . Water plays an important role not only as a solvent for biochemical reactions, but also as a stabilizer of macromolecular structure. Longitudinal and transverse relaxation behaviors of water protons can be investigated to describe the compartmentation and transport of water in tissues and seeds (Iwaya-Inoue et al., 2004; Krishnan et al., 2004) . Mobile and less mobile water molecules are distinguished from each other by their different relaxation times, and their relative amounts can be calculated (Iwaya-Inoue et al., 2004) . Using pulsed 1H-NMR, it has been demonstrated that the water status of woody plant seeds can be efficiently monitored by T, and T2 during seed maturation (Iwaya-Inoue et al., 2001) . The dynamic states of water in biological tissues were considered to reflect physiological changes. The components of T1 and T2 have been shown to arise from distinct populations of water in plant tissues (Gusta et al., 1979; Belton and Ratcliffe 1985; Isobe et al., 1999; Iwaya-Inoue and Nonami 2003) . Thus, the NMR technique is expected to provide a novel, sensitive and direct method of characterizing water status in seeds. The objective of this study was to evaluate whether or not 'H-NMR relaxation times can be applied as a screening test of resistance to PHS and the degree of germination in PHS. The water content in the rice grains of both lines was highest at 7 DAP and decreased markedly until 21 DAP (Fig. 2) . After 21 DAP, the water content in both lines remained at about 30%. From 3 to 35 DAP, water content did not differ significantly between the two lines. These results indicated that water content during maturation is apparently unrelated to PHS characteristics.
Possibility of screening for PHS by NMR relaxation times (T1, T2) In general, cellular water exists in two or three components in plant tissues; these water com- Environ. Control Biol.
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Applicability of T2 as a PHS screening test
In general, the T1 value decreases linearly as the water content of the leaf tissues of evergreen woody plants decreases (Kaku et al., 1992) . It is known that T1 of gladiolus petals is strongly affected by the concentration of free water (Iwaya-Inoue et al., 1999; Iwaya-Inoue and Nonami, 2003) . Figure 4A shows changes in the relative value of the T1 signal intensity of rice grains. For both rice lines, the ratio of the long fraction gradually decreased from 3 to 14 DAP and slightly increased from 21 to 42 DAP. The value of T2 is often examined in seed studies Krishnan et al., 2004) . In the present study, the ratio of the long fraction of T2 markedly decreased from 7 to 21 DAP and remained constant thereafter in both lines (Fig. 4B) . At 14 DAP, a significant difference was observed between the rice lines.
In both lines, the water content of the rice grains during maturation gradually decreased (Fig.  2) , while the ratio of the long fraction of T1 indicated an almost constant value. On the other hand, the change in T2 strongly corresponded with the change in water content. These results indicated that 1H-NMR relaxation times, especially T2s, can be applied as a PHS screening test in seed studies. CONCLUSION NMR relaxation times (T1 T2) were correlated with PHS characteristics. Especially, T2s indicated PHS characteristics during seed maturation. T2s for nongerminating seeds at 28 DAP remained constant during the germination treatment that followed, while T2s for germinating seeds increased linearly as the germination process advanced. Therefore, T2 reflected the development, maturation, and germination processes, and the measurement of T2 was suitable for use as a test to screen seeds for their resistance to the pre-harvest sprouting phenomenon. Environ. Control Biol.
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